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Abstract  
Sediment samples were taken from six sampling sites in Bramble Bay, Queensland, Australia 
between February and November in 2012. They were analysed for a range of heavy metals 
including Al, Fe, Mn, Ti, Ce, Th, U, V, Cr, Co, Ni, Cu, Zn, As, Cd, Sb, Te, Hg, Tl and Pb. 
Fraction analysis, enrichment factors and Principal Component Analysis –Absolute Principal 
Component Scores (PCA-APCS) were carried out in order to assess metal pollution, 
potential bioavailability and source apportionment. Cr and Ni exceeded the Australian 
Interim Sediment Quality Guidelines at some sampling sites, while Hg was found to be the 
most enriched metal. Fraction analysis identified increased weak acid soluble Hg and Cd 
during the sampling period. Source apportionment via PCA-APCS found four sources of 
metals pollution, namely, marine sediments, shipping, antifouling coatings and a mixed 
source. These sources need to be considered in any metal pollution control measure within 
Bramble Bay. 
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Pollution of the marine environments around large population centres is a growing concern, 
with heavy metals pollution one of the major issues (Beltrán et al., 2010; Deng et al., 2010; 
Kaushik et al., 2009; Mohammed et al., 2012). As marine environments around major 
population centres are important for cultural and recreational activities as well as sources of 
food, careful control of the release of pollutants into these areas is essential. 
Heavy metals are a major concern with regards to marine pollution because they are 
persistent pollutants and interactions with marine biota can result in uptake into the food 
chain (Birch and Taylor, 1999; González-Fernández et al., 2011). 
Although there are numerous sources of heavy metals in the marine environment, the largest 
input around urban areas is stormwater runoff (Abrahim and Parker, 2008; Chapman and 
Wang, 2001; Herngren et al., 2005). This high input of heavy metals is a concern and efforts 
have been made to characterise the contributions of metals in urban environments from 
various sources (Romic and Romic, 2003). 
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Pollution of sediments by heavy metals is a complex issue, as sediments act as both a sink 
and a source of heavy metals (Grecco et al., 2011; Nicholson et al., 2003; Satpathy et al., 
2012), with processes like sequestration removing heavy metals from the food chain 
permanently and bio-turbation allowing re-uptake (Birch and Taylor, 1999; González-
Fernández et al., 2011). This makes it difficult to conduct a rigourous risk assessment of 
metals pollution in marine environments without first considering the availability of metals to 
marine organisms. There are several methods for assessing whether or not a metal is likely to 
be bioavailable, including the use of fractionation methods, such as Tessier’s five stage 
extraction method (Tessier et al., 1979) and the BCR (Community Bureau of Reference) 
method (Rauret, 1998), both of which seek to establish in what fraction of sediment an 
element is in (such as exchangeable, carbonate and residual fractions) and how labile 
(soluble) it is. The more labile an element is, the greater the risk of uptake by biota. 
Sequential extraction methods can be complex due to the amount of sample handling required 
and adsorption and precipitation of metal chelates resulting in over- or under-reporting of the 
labile fractions have been reported to occur (Whalley and Grant, 1994). Recently, the use of 
1M mineral acids (such as HCl) has become common, particularly in the case of Acid 
Volatile Sulphide- Simultaneously Extractable Metals (AVS-SEM) (De Jonge et al., 2010) 
and have been increasingly recommended in Sediment Quality Guidelines, such as the 
Australian Interim Sediment Quality Guidelines (Simpson et al., 2005). Weak Extractable 
Metals (WE-M) provide several advantages over sequential extraction methods, with the 
most notable being the simplicity of the method (Malo, 1977). 
Bramble Bay is a small bay bordered by the Redcliffe Peninsula, Sandgate and the Port of 
Brisbane and Brisbane Airport. It is a subsidiary of Moreton Bay in Queensland, Australia 
(see Fig. 1). There are significant sediment inputs from the North and South Pine Rivers, as 
well as the Bremer and Brisbane Rivers. There is also considerable industrial activity in the 
area, with the busy Port of Brisbane and the Brisbane Airport butting onto Bramble Bay. 
Several industrial areas along these rivers flow into Bramble Bay, and a large industrial area 
in Redcliffe also drains into the mouth of the Pine Rivers. 
The primary aims of the study discussed in this paper were to examine heavy metal pollution 
in the sediments of Bramble Bay. This included, determining the spatial pollution of Bramble 
Bay, the changes in metal concentrations over the extensive sampling period and the 
identification and modelling of sources of pollution 
Page 3 of 28 
 
 
Fig. 1: Bramble Bay sampling sites (from Google Earth) 
Bramble Bay is a habitat for numerous protected species of migratory birds as well as 
dolphins and dugong (Dugong dugong). In addition, the local seafood industry supplies the 
local Brisbane markets and exports delicacies such as Moreton Bay bugs (Thenus orientalis) 
to Sydney and Melbourne markets. Bramble Bay is also a large recreational area, with 
numerous local fishing and boating areas for enjoyment by the local population. 
Six sampling sites were selected based on geographic locations within Bramble Bay. These 
sampling sites are shown in Fig. 1. Site BB1 is located at 27°15’40” S; 153 5’9”E, site BB2 is 
located near 27°16'5"S; 153° 6'16"E while site BB3 was located at 27°20'45"S; 153° 6'40"E. 
Site BB4 was located at 27°21'31"S; 153° 9'27"E, site BB5 was at 27°16'46"S; 153° 3'48"E 
and site BB6 was located at 27°18'56"S; 153° 4'34"E. 
Four sampling runs were conducted in February, April, June and November 2012 in order to 
assess the temporal concentrations of metals within the sediments. Samples were collected 
using a Van-Veem 7.5 kg grab sampler, placed in pre-cleaned plastic bags and stored in 
accordance with EPA methods (EPA method 3050B and SW-846) for metals analysis. 
Once in the laboratory, samples were freeze-dried and 0.05 g of sample was added to a pre-
cleaned 50 mL falcon tube and digested with 50 mL of 1 M double distilled nitric acid before 
being analysed using an Agilent 8800 ICP-MS/MS for Weak acid Extractable Metals content 
(WE-M). The Total Recoverable Metals were determined by placing 0.05 g of sample into a 
pre-cleaned Teflon digestion tube, and digested in inverse aqua regia (IAR) using a Milestone 
Ultrawave microwave digester. The samples were heated to 260°C over 20 minutes and then 
held at that temperature for 40 minutes before cooling to ensure that extraction was complete. 
As part of the quality control (QC) procedure, one sample of MESS-3 Certified Reference 
Material (CRM) from National Research Council of Canada in every 20 WE-M samples was 
extracted the same way as those used for WE-M extractions (see Table 1), and one CRM 
sample in every tray (1 in 15) was extracted for the TR-M samples, in accordance with 
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NATA guidelines (NATA, 2012) . Generally, the recoveries were reasonable for the TR-M 
analyses, with the exception of Ti (which is not very soluble). While Ti, Hg, Sb and Te had 
high relative standard deviations (RSDs), most likely due to the extraction approaching the 
limits of the TR-M method, Te and Hg approached the limits of the WE-M method and gave 
poor RSDs. For the WE-M analysis, there are very few available CRMs, making it very 
difficult to assess the efficiency of the recovery using fraction concentrations. However, as 
the RSDs of the analysis of the CRMs stayed below 11% for most of the elements (excluding 
Te and Hg), it can be assumed that the efficiency of the method did not vary greatly during 
the analysis. 
Table 1: Recovery Data for CRM MESS-3 
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Al 0.16 85900 100 19.1 5.4 16400 10.6 85900 
Ti 0.04 4400 6.1 2.8 9.2 123.2 37.2 268.4 
V 0.007 243 100 27.6 5.6 67 8.8 243 
Cr 0.009 105 100 24.8 5.2 26 8.8 105 
Mn 0.005 324 98.1 93.8 1.7 303.9 7.9 317.844 
Fe 0.12 43400 100 89.2 5.7 38700 9.3 43400 
Co 0.001 14.4 100 88.2 5.6 12.7 8.3 14.4 
Ni 0.004 46.9 99.6 81 5.6 37.9 10.1 46.7124 
Cu 0.002 33.9 100 91.7 4.9 31.1 9.5 33.9 
Zn 0.033 159 100 90.6 8.2 144 11.1 159 
Ga 0.0008 -- -- -- 10.4 -- 9.3 -- 
As 0.004 21.2 100 60.8 2.2 12.9 9.1 21.2 
Cd 0.0002 0.24 104.2 91.7 10.3 0.22 14.2 0.25008 
Sb 0.0005 1.02 100 34.3 4.73 0.35 32.8 1.02 
Te 0.0006 -- -- -- 53.4 -- 67.8 -- 
Ce 0.002 -- -- -- 1.9 -- 10.1 -- 
Hg 0.001 0.09 100 66. 7 40.5 0.06 39.7 0.09 
Tl 0.004 0.9 100 22.2 8.8 0.19 8 0.9 
Pb 0.002 21.1 100 85.4 1.6 18 9.9 21.1 
Th 0.001 -- -- -- 3.4 -- 10 -- 
U 0.0003 4 100 25 3.9 1 11.8 4 
a LOQ: Limit of quantification 
Compared against the work of Roje (2010), who used a 9:1 HNO3:HCl microwave assisted 
extraction on the MESS-3 CRM, the recoveries in this study were generally slightly higher. 
However, the recovery of Ti was lower while Al, Sb, Hg and U had significantly higher 
recoveries. This is potentially due to higher extraction temperatures (260 °C as opposed to 
230 °C) and a longer hold time (40 mins compared to 20 mins) resulting in better extraction 
efficiency. 
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Compared against the work on the MESS-3 standard by Townsend et al. (2007); (1 M HCl 
over 4 h), the recoveries of the WE-M fraction (1 M HNO3 extracted over 6 h) were mostly 
comparable, although the recoveries of this study varied between 1.3 and 11 times greater 
than Townsend et al. (2007). These differences in recoveries require further investigation, as 
there are multiple variables that could be influencing the differences in recovery. 
Each site investigated (see Supporting Information) was examined to determine the 
percentage weak acid soluble metals according to Equation 1 (where WEx is Weak 
Extractable concentration, TRx is Total Recoverable concentration and x is the element of 
interest), and the Enrichment Factors (EFs, Equation 2) were calculated using the total 
recoverable Al content as the normalising element. From the Enrichment Factors, a Modified 
Pollution Index (MPI, Equation 3) was calculated in order to provide a qualitative assessment 
of site pollution. 
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Sieving the samples identified that the sediments in Bramble Bay are mostly mud. With the 
exceptions of pieces of shells, small pebbles or debris, very little material did not pass 
through the sieve. This is consistent with the work of Hekel et al. (1979), who found that the 
sediments of Bramble Bay were mostly mud from terrestrial sources. 
The WE-M minimum and maximum concentrations across all four sampling runs are shown 
in Table 2. These values were compared against the range of element concentrations found 
during the National Geochemical Survey conducted by de Caritat and Cooper (2011). The 
values recorded were the means of aqua regia digestions of samples within South East 
Queensland, which is the area east of 151 °E and between the latitudes of 26 °S and 28 °S. 
As, Cr, Pb, Th, Tl and Zn were all found to have higher concentrations in Bramble Bay than 
in the surrounding region, which could be due to some forms of enrichment. 
In Bramble Bay, for the elements of major concern (Pb, Hg, Cd, As, Cu, Tl and Cr), the 
maximum concentrations exceeded the low thresholds of the Interim Sediment Quality 
Guidelines (ISQG) for Cr and Ni, but remained below the ISQG high thresholds (see Table 
3).  
Table 2: Minimum and maximum WE-M concentrations for each element in Bramble Bay, 
with the Australian Interim Sediment Quality Guidelines as a reference (Simpson et al., 2005) 
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Element 
Minimum 
concentration 
(mg.kg-1) 
Maximum 
concentration 
(mg.kg-1) 
ISQG-Low 
(mg.kg-1) 
ISQG-High 
(mg.kg-1) 
Southeast 
Queensland* 
(mg.kg-1) 
Al 5900 ± 9 33210 ± 50   6000 – 39500 
Ti 128.5 ± 0.2 917 ± 1   N/A 
V 10.97 ± 0.02 73.5 ± 0.1   15- 93 
Cr 26.58 ± 0.04 159.5 ± 0.2 80 370 8.3 - 118 
Mn 126.3 ± 0.2 826 ± 1   232 - 3260 
Fe 8940 ± 10 48180 ± 80   11500 - 62800 
Co 4.455 ± 0.007 25.42 ± 0.04   3.2 – 38.6 
Ni 8.96 ± 0.01 39.21 ± 0.06 21 52 4.5 – 92.9 
Cu 3.540 ± 0.006 39.29 ± 0.06 65 270 6.3 – 55.6 
Zn 12.38 ± 0.02 121.8 ±0.2 200 410 26.4 - 100 
Ga 2.991 ± 0.005 13.53 ± 0.02   2.73 – 13.6 
As 1.450 ± 0.02 6.43 ± 0.01 20 70 0.5 – 5.7 
Cd 0.0123 ± 
0.0001 
0.1153 ± 
0.0002 
1.5 10 0.02 – 0.16 
Sb 0.0695 ± 
0.0001 
0.1627 ± 
0.0002 
2 25 0.07 – 4.35 
Te 0 0.07 ± 0.04   0.02 – 0.08 
Ce 8.64 ± 0.01 51.95 ± 0.08   16.6 – 66.6  
Hg 0.0002 ± 
0.0001 
0.41 ± 0.05 0.15 1 0.01 – 0.11 
Tl 0.0454 ± 
0.0001 
0.1865 ± 
0.0003 
  0.06 – 0.18 
Pb 2.218 ± 0.003 22.46 ± 0.04 50 220 2.84 – 18.7 
Th 0.939 ± 0.001 4.305 ± 0.007   0.9 – 4.2 
U 0.276 ± 0.0004 1.131 ± 0.002   0.3 – 2.3 
*From de Caritat and Cooper (2011), AR digestion on < 2mm fraction. 
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Table 3: Cr and Ni concentrations in excess of the Australian ISQG-Low guidelines 
(Simpson et al., 2005)  
Sampling Period Sampling site Concentration (mg.kg-1) 
Cr Ni 
February 2012 BB1 145.5 ± 0.2  
 BB4 82.5 ± 0.1  
 BB6 159.5 ± 0.2  
April 2012 BB2  21.88 ± 0.03 
 BB4  39.22 ± 0.05 
June 2012 BB2  21.03 ± 0.03 
 BB3  24.82 ± 0.04 
 BB5  28.25 ± 0.04 
 BB6  25.42 ± 0.04 
November 2012 BB3  26.56 ± 0.04 
 BB5  24.24 ± 0.04 
 BB6  28.24 ± 0.04 
The fraction analysis (Fig. 2) shows that generally for Cr, Ni, Zn and Pb there is little 
variation in the soluble fraction over all sampling runs, while Cu, Cd, Hg and As show a 
considerable spread, which indicates that there is variability in the sequestration of these 
elements. This is likely due to changes in sediment and water chemistry across the sampling 
area over the sampling period. These changes are probably due to environmental conditions, 
such as reduced rainfall between March and October resulting in limited runoff. The amount 
of Pb in the weak acid soluble fraction is of concern, as the soluble Pb is 80% of the total Pb, 
which means that Pb is potentially highly bioavailable within Bramble Bay.  
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Fig. 2: Box and whisker plots of the weak acid soluble fraction of Bramble Bay sediments 
(dots denote outliers) 
When the data for each sampling run is compared for Cu, Cd, Hg and As, it can be seen that 
the percent weak acid soluble Cu, Hg and Cd have increased over all four runs, while As 
appears to have stabilised over the sampling timeframe. This suggests that there may still be 
some input of Cu, Cd and Hg into Bramble Bay while the weak acid soluble As has stabilised 
to around 50% for the sampling timeframe. Because the average concentration of WE-M 
arsenic across Bramble Bay has increased over this timeframe from 3.7 mg.kg-1 to 
4.6 mg.kg-1, this suggests that there is ongoing As input into Bramble Bay.  
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The Enrichment Factors were calculated for V, Cr, Co, Ni, Cu, Zn, As, Cd, Sb, Te, Hg, Tl 
and Pb (Table 4) and they show that overall, anthropogenic enrichment (see Table 5 for 
sediment qualification thresholds) across some sites for V, Cr, Co, Ni, Cu, Cd and Te while 
most of the sites have minor enrichment of Zn and Pb. Hg could be of concern with 
enrichment factors between 3 and 73 across most sites (Table 4), which suggests moderate 
pollution at most sites, with significant enrichment at others. Arsenic is moderately enriched 
at a couple of sites, otherwise it showed little to no enrichment (Table 4 and Cr was found to 
be moderately enriched at the site BB1 in the February run (see Table 4). 
Table 4: Enrichment Factors for selected elements (by site) in Bramble Bay 
Sampling site 
Enrichment Factors 
MPI 
V Cr Co Ni Cu Zn As Cd Sb Te Hg Tl Pb 
Fe
b-
12
 
BB1 1.1 5.3 1.4 1.4 1.2 1.0 3.0 1.2 3.8 0.9 3.3 2.4 2.0 4.3 
BB2 1.5 0.6 1.2 0.5 0.6 1.0 4.1 0.2 1.6 1.2 9.6 0.5 2.4 7.1 
BB3 0.8 0.6 1.2 0.6 0.8 1.5 1.7 0.8 1.0 0.5 8.5 1.0 2.2 6.2 
BB4 0.8 1.2 2.0 0.8 0.7 1.5 3.4 0.4 1.1 0.8 0.1 1.5 1.9 2.7 
BB5 0.9 1.2 1.1 0.7 0.9 1.2 3.8 0.6 2.2 0.0 6.1 0.9 2.9 4.6 
BB6 0.6 3.1 1.4 0.9 0.7 0.9 3.5 0.8 1.5 0.5 4.4 1.9 1.7 3.5 
A
pr
-1
2 
BB1 0.6 0.5 0.9 0.4 0.9 1.2 2.1 0.6 0.8 0.2 16.2 0.9 2.0 11.6 
BB2 0.8 0.3 0.8 0.5 0.8 1.1 1.5 0.3 0.6 1.2 9.2 0.6 2.1 6.7 
BB3 0.8 0.4 1.2 0.6 0.7 1.4 1.6 0.4 0.7 0.0 9.3 0.8 2.3 6.8 
BB4 0.7 0.2 0.6 0.5 1.1 0.9 0.7 0.7 0.3 0.5 9.9 0.6 1.9 7.1 
BB5 0.7 1.0 1.1 0.6 0.6 1.0 1.4 0.5 1.5 1.2 6.6 1.1 1.6 4.9 
BB6 0.7 0.4 2.0 0.7 0.5 1.8 2.2 0.2 1.2 1.1 8.6 0.7 2.4 6.3 
Ju
n-
12
 
BB1 0.5 0.2 0.7 0.3 1.0 1.1 1.8 0.4 0.9 0.0 73.8 0.8 1.9 52.6 
BB2 0.5 0.2 0.7 0.4 1.6 1.4 1.3 0.3 0.7 0.3 39.5 0.6 2.0 28.2 
BB3 0.6 0.2 0.7 0.4 0.9 1.0 0.9 0.2 0.5 0.5 40.9 0.6 2.1 29.2 
BB4 0.7 0.2 1.0 0.5 0.8 1.4 1.6 0.4 0.7 0.4 21.8 0.9 2.6 15.6 
BB5 0.6 0.2 0.6 0.5 1.4 1.0 0.9 0.4 0.4 0.4 60.5 0.6 2.1 43.1 
BB6 0.6 0.2 0.6 0.4 1.1 0.9 1.0 0.2 0.4 0.3 57.3 0.6 1.9 40.8 
N
ov
-1
2 
BB1 0.6 0.3 0.7 0.4 1.6 1.3 1.9 0.7 0.9 0.4 12.8 0.7 2.4 9.2 
BB2 0.7 0.2 0.9 0.5 2.3 1.3 1.9 0.2 0.8 0.8 12.0 0.7 2.4 8.7 
BB3 0.6 0.2 0.7 0.5 0.9 1.0 0.9 0.1 0.6 1.0 12.0 0.6 2.1 8.6 
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BB4 0.9 0.4 1.2 0.6 1.2 1.6 1.8 0.4 0.8 0.0 12.9 0.9 3.0 9.3 
BB5 0.7 0.2 0.8 0.5 1.2 1.3 1.6 0.5 0.6 0.3 13.8 0.7 2.4 9.9 
BB6 0.7 0.2 0.6 0.5 1.4 1.0 1.0 0.5 0.5 0.5 13.0 0.6 2.2 9.4 
The Hg enrichment is most pronounced in the June sampling run (Table 4), with maximum 
enrichment at the Boat Ramp site and the enrichment spreading out along the coast line, with 
the sites farthest away from sites BB1, BB3 and sites showing reduced enrichment. This 
indicates that the source of Hg in Bramble Bay may be around the site BB1. In addition, the 
Hg enrichment decreases between June and November, which may be indicative of 
sequestration. 
Though the weak acid soluble As had stabilised as noted above, As enrichment was an 
ongoing phenomenon in Bramble Bay (Table 4) and was most noticeable during the February 
sampling run, with site BB2 showing the greatest enrichment, while enrichment was also 
relatively high at sites BB4, BB5 and BB6. This suggests that the major source of As in 
Bramble Bay is in the area around sites BB1 and BB2 around the southern tip of the Redcliffe 
Peninsula. 
The Modified Pollution Indices (Table 4, which uses the same thresholds as Enrichment 
Factors, Table 5) show that the sediment health in Bramble Bay is of concern, due to the high 
EFs of Hg in the area. It also suggests that between the sampling runs in April and June of 
2012, there was an enrichment of Hg at Bramble Bay, which is reflected by the Enrichment 
Factors. The PCA-APCS model shows that this was associated with source 3, with the largest 
contribution from site BB5. The reduction of the MPIs between June and November also 
supports that sequestration might have occurred within Bramble Bay over that time period. 
Table 5: Enrichment Factor sediment qualifications (Qingjie et al., 2008) 
Sediment qualification EF  
No enrichment EF < 1 
Minor pollution 1 < EF < 3 
Moderate pollution 3 < EF < 5 
Moderately severe pollution 5 < EF < 10 
Severe pollution 10 < EF < 25 
Very severe pollution 25 < EF < 50 
Extremely severe pollution EF > 50 
The WE-M concentrations generally increased across Bramble Bay over the sampling period, 
with the exceptions of Cr, which decreased across all sites and As, which decreased most 
sites, with the exception of site BB5, which showed an increasing trend from June 2012. 
Site BB4 (Fig. 3) showed a sharp increase in the normalised concentration for V, Cu, Co, Ni, 
Zn, Cd, Sb, Te, Hg, Tl and Pb in the April sampling run. This increase can be attributed to a 
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flood event in March 2012 which deposited sediments in the mouth of the Brisbane River 
from further upstream rather than an anthropogenic pollution event. There was a drop in the 
normalised concentrations in the June sampling run which may be attributed to dredging 
occurring in the mouth of the Brisbane River. The concentrations then generally increased in 
the November sampling run, as in other sampling sites. 
 
Fig. 3: Normalised concentration plot for the Port of Brisbane sampling site 
Principal Component Analysis is a method for reducing large datasets down to smaller 
datasets based on variance (Yongming et al., 2006) and has seen increasing use in 
geochemical research in recent years due to the visual output which is used to identify groups 
of elements based on their correlation to each other (Hu et al., 2011; Saraee et al., 2011; 
Thuong et al., 2013). The major advantage of PCA in this type of study is that each principal 
component can be qualitatively linked to a source and methods such as PCA-APCS (Principal 
Component Analysis –Absolute Principal Component Scores) can be used for source 
apportionment, which describes the contribution of a particular source to the total metals load 
at a sampling site (Mostert et al., 2012; Pekey et al., 2005; Retnam et al., 2013; Zhou et al., 
2007). 
The PCA Loadings plot (Fig. 4) for Bramble Bay show a grouping of Al, Ti, Ni, Cd and Ga 
as well as a grouping of V, Th, Zn, Fe, Ce, Co; a group consisting of U and Pb and a group of 
Hg, Te and Tl as well as elements which cannot be easily associated with a group: Cr, Sb, As, 
Mn and Cu. 
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Fig. 4: PCA Loadings plot for Bramble Bay. PCs 1 and 2 account for 66.4% variance 
The grouping of Al, Ga, Ti, Ni and Cd are clustered together and Al is a major sediment 
element, which suggests a group of elements from a terrestrial source. The second grouping, 
clustered around Fe includes V, Th, Zn, Ce and Co. Fe is commonly associated with clays, 
while the final grouping of Hg, Te and Tl is unexpected as they are all toxic heavy metals and 
their source is not clear. 
The PCA-APCS analysis identified four major sources of heavy metals in Bramble Bay, with 
a good correlation of the model to the observed data (R2 = 0.9856, Fig. 5). The source 
profiles along with their contributions plots enabled tentative identification of four sources. 
 
Fig. 5: Plot of calculated vs observed mass for the PCA-APCS model 
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The first source (Fig. 6), which explains approximately 48.4% of the variance has major 
contributions of Mn and As, which are commonly linked to marine sediments (Hu et al., 
2011), possibly due to the two elements co-precipitating in marine environments (Takamatsu 
et al., 1985). This pattern of Mn and As co-precipitating was observed in a previous study by 
the same authors in Deception Bay, which is another embayment of Moreton Bay (Brady et 
al., 2014). The minor contributors to this source are Fe, Ce, Co and Th.  
 
Fig. 6: Source profiles for Bramble Bay 
The contributions plot for source 1 (Fig. 7) shows that the largest contributions occurred 
during the February run for sites BB2 and BB6 in April. Both of these sites have no 
significant sediment inputs and this supports the assignment of source 1 as marine sediment. 
Site BB1 for the February sampling run shows a very low contribution to the metals load, 
which is consistent with stormwater runoff from the area during the local storm season 
(October through to March). The low contribution at the site BB6 during this time is 
consistent with known currents in the bay (Dennison and Abal, 1999). 
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.  
Fig. 7: Source contributions for Bramble Bay 
The second source (Fig. 6) shows major contributions of Al, Ti, Ni, Ga and Cd, with minor 
contributions of V, Cr, Fe, Cu, Ce, Zn, Th, and Tl. This source accounts for about 18.8% of 
the total metals pollution in Bramble Bay and the presence of Ni and V is suggestive of 
shipping, as these originate from fuel combustion (Lewan, 1984; Lewan and Maynard, 1982; 
Schirmacher et al., 1993). 
The contributions plot for source 2 (Fig. 7) shows that the largest contributor in the February 
sampling run was site BB3. While in the April sampling run, the major contributor for source 
2 is the site BB4 and the last two sampling runs are relatively consistent with low sediment 
flow in Bramble Bay. These contributions provide further evidence that source 2 is most 
likely oil combustion from shipping (Figueroa et al., 2006). 
Source 3 accounts for approximately 3% of the metals load in Bramble Bay (Fig. 6), making 
it a minor source, and it has major contributions of Cu, Hg and Tl with minor contributions of 
Zn, Cd, Sb, Pb, Th, U, Ga and Ni. The presence of Cu can be linked to antifouling paints 
(Moffett et al., 1997). Other elements, such as Cr, Cd, Ni and Pb have been identified as 
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markers of boatyards in previous studies (Burton et al., 2004; Turner, 2010). Source 3 
therefore correlates to antifouling agent residues. 
The contributions plot for source 3 (Fig. 7) shows that areas where marine traffic is expected 
(such as the sites BB1 and BB4) show relatively high contributions to source 3. Interestingly, 
the dredging of the bottom of the Brisbane River and some of the shipping channels occurs 
periodically, and the increased contribution to source 3 in the April sampling run may be 
indicative of that process (due to sediments being disturbed). 
Source 4 accounts for almost 30% of the metals contributions in Bramble Bay (Fig. 6). The 
major contribution to the source profile is Te, with Cr, Fe, Sb, V, Mn, Al, Ni, Cu Tl and U 
also contributing, suggesting metal processing. Te is used in alloys with Al, Cu and Pb (as 
well as Sn, which was not analysed in this study). Te is volatile (Blackadder and Manderson, 
1975; George, 2003), and unintentional release into the environment can occur through the 
formation of tellurium hydride. 
The contributions plot for source 4 (Fig. 7) shows that the areas of major contribution are the 
areas around sites BB1 and BB4 in the April 2012 sampling run while the February sampling 
run had the highest contribution from site BB3. This source is complicated to identify and 
apportion as one source. This is probably a mixed source and further investigation is required 
before a definite conclusion can be reached. 
This study examined the weak acid soluble metals in the sediments of Bramble Bay over four 
sampling runs from February to November 2012. Among the heavy metals investigated, only 
Cr and Ni were found to exceed the Australian Sediment Quality Guidelines low threshold, 
only at a handful of sites.  
A fraction analysis found that Pb was in excess of 80% in the weak acid soluble fraction, 
while percentage of Hg and Cd that were weak acid soluble were both shown to be increasing 
over the entire sampling period. This raises concerns that there may be an ongoing pollution 
source for these elements in the area. The weak acid soluble As was found to be becoming 
more stable over the sampling period. 
The Enrichment Factors showed that there was some anthropogenic enrichment of most 
metals across Bramble Bay, although it was only minor. However, the enrichment factors of 
Hg are in excess of 50. This enrichment suggests that the Hg in Bramble Bay is entirely 
anthropogenic in origin. The Hg enrichment showed a spike in the June sampling run, which 
probably suggested that there had been some source of Hg around that period. 
The modified pollution indices for Bramble Bay were found to be relatively low, with the 
exception of the June sampling run, which was higher due to the enrichment of Hg around 
that timeframe. Otherwise, the MPI indicates that the sediments of Bramble Bay are 
relatively healthy. 
The PCA analysis found that there were several groups of elements, with a group consisting 
of Al, Ti, Ni, Cd and Ga most likely being terrestrial sediment, a group of elements (V, Th, 
Zn, Ce and Co) clustered around Fe, which is likely to be elements adsorbed to clays and a 
group consisting of Hg, Te and Tl, which cannot easily be explained.  
Source apportionment through PCA-APCS identified four sources, marine sediments which 
made up 48.4% of the metals loadings and was identified through Mn and As; the second 
source, which was shipping and contributed 18.8% of the metals loading and was identified 
through V and Ni; the third source, which accounted for about 3% of the metals loading and 
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was identified as antifouling coatings due to Cu, Hg and Tl while the final source was 
identified as being due to a mixed source and accounted for 29.5% of the metals loadings, 
although further work is required to confirm this assignment. 
This research has found that the overall sediment health of Bramble Bay is good, with the 
exception of Ni and Cr, which exceeded the Australian Interim Sediment Quality Guidelines.. 
This observation and the presence of anthropogenic Hg requires further investigation to 
ensure that the health of Bramble Bay is safeguarded. 
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SUPPLEMENTARY DATA 
Sample Name 
Al Ti V Cr Mn Fe Co 
PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- 
WE-Nth Pine R 9020 18 596.1 1.2 22.61 0.05 110.8 0.2 246.2 0.5 13966 28 5.32 0.01 
WE-Sth Pine R 25512 51 527.9 1.1 24.10 0.05 82.5 0.2 419.4 0.8 13792 28 5.28 0.01 
WE-Kholo 17387 35 674.7 1.3 27.79 0.06 96.4 0.2 300.0 0.6 15806 32 7.62 0.02 
WE-Bremer R 46693 93 2076.6 4.2 54.17 0.11 53.9 0.1 496.3 1.0 46697 93 23.28 0.05 
TR-Kholo 23996 48 684.3 1.4 65.12 0.13 293.3 0.6 333.2 0.7 24648 49 11.04 0.02 
TR-Nth Pine R 26499 53 499.4 1.0 59.35 0.12 350.0 0.7 314.2 0.6 23332 47 7.47 0.01 
TR-Sth Pine R 25798 52 618.1 1.2 58.45 0.12 241.5 0.5 405.1 0.8 19823 40 7.23 0.01 
TR-Rosevale  37601 75 1006.2 2.0 100.50 0.20 137.2 0.3 553.9 1.1 68478 137 31.54 0.06 
WE Av. BG 24653 49 968.8 1.9 32.17 0.06 85.9 0.2 365.5 0.7 22565 45 10.38 0.02 
TR Av. BG 28474 57 968.8 1.9 70.86 0.14 255.5 0.5 401.6 0.8 34070 68 14.32 0.03 
R1-WE-Boat Ramp 7993 16 128.5 0.3 11.51 0.02 145.5 0.3 126.4 0.3 8942 18 4.46 0.01 
R1-TR-Boat Ramp 9033 18 322.1 0.6 30.78 0.06 444.2 0.9 154.3 0.3 13843 28 5.93 0.01 
R1-WE-Otter Rock 9975 20 297.0 0.6 48.00 0.10 49.4 0.1 826.8 1.7 34980 70 12.68 0.03 
R1-TR-Otter Rock 28667 57 543.1 1.1 167.04 0.33 166.6 0.3 826.8 1.7 80794 162 17.96 0.04 
R1-WE-Nudgee Ck 22487 45 800.6 1.6 34.53 0.07 67.2 0.1 360.4 0.7 26647 53 17.05 0.03 
R1-TR-Nudgee Ck 39756 80 800.6 1.6 76.51 0.15 173.9 0.3 377.9 0.8 36225 72 20.87 0.04 
R1-WE-Port of Brisbane 17548 35 495.1 1.0 20.62 0.04 82.5 0.2 475.6 1.0 15328 31 16.39 0.03 
R1-TR-Port of Brisbane 22645 45 657.4 1.3 54.60 0.11 268.6 0.5 533.1 1.1 24115 48 22.24 0.04 
R1-WE-Pine River 5854 12 223.6 0.4 15.23 0.03 55.7 0.1 264.7 0.5 12289 25 6.37 0.01 
R1-TR-Pine River 15253 31 481.9 1.0 52.35 0.10 195.1 0.4 276.0 0.6 23199 46 8.97 0.02 
R1-WE-Sandgate 11474 23 166.7 0.3 10.98 0.02 159.5 0.3 223.3 0.4 10586 21 8.93 0.02 
R1-TR-Sandgate 17199 34 427.5 0.9 42.74 0.09 522.8 1.0 306.3 0.6 15603 31 11.56 0.02 
R2-WE-Boat Ramp 19365 39 425.7 0.9 31.11 0.06 70.7 0.1 347.9 0.7 28598 57 15.29 0.03 
R2-TR-Boat Ramp 48713 97 506.5 1.0 81.47 0.16 192.2 0.4 374.7 0.7 39441 79 19.72 0.04 
R2-WE- Otter Rock 21524 43 558.3 1.1 50.34 0.10 56.5 0.1 595.9 1.2 39246 78 17.54 0.04 
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Sample Name 
Al Ti V Cr Mn Fe Co 
PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- 
R2-TR- Otter Rock 58083 116 609.9 1.2 119.28 0.24 139.3 0.3 595.9 1.2 69676 139 23.01 0.05 
R2-WE-Nudgee Ck 21384 43 863.0 1.7 37.29 0.07 46.6 0.1 534.2 1.1 31458 63 18.94 0.04 
R2-TR-Nudgee Ck 42965 86 963.0 1.9 114.31 0.23 177.3 0.4 604.9 1.2 50622 101 25.45 0.05 
R2- WE-Port of Brisbane 33210 66 757.7 1.5 73.58 0.15 52.5 0.1 675.8 1.4 48180 96 20.87 0.04 
R2-TR- Port of Brisbane 97408 195 757.7 1.5 129.66 0.26 104.1 0.2 675.8 1.4 61128 122 25.11 0.05 
R2- WE-Pine RiveR 10791 22 237.0 0.5 15.99 0.03 61.0 0.1 299.3 0.6 12531 25 8.41 0.02 
R2-TR- Pine Rive 20355 41 575.2 1.2 51.85 0.10 226.1 0.5 373.5 0.7 25994 52 13.63 0.03 
R2 -WE- Sandgate 17909 36 710.7 1.4 29.77 0.06 47.4 0.1 596.7 1.2 35862 72 25.43 0.05 
R2 -TR- Sandgate 35145 70 1025.2 2.1 91.82 0.18 172.6 0.3 662.4 1.3 53655 107 36.29 0.07 
R3-WE - Boat Ramp 14407 29 356.2 0.7 30.85 0.06 29.0 0.1 331.5 0.7 26941 54 13.54 0.03 
R3 - TR-Boat Ramp 52534 105 499.0 1.0 97.18 0.19 93.6 0.2 388.7 0.8 44264 89 19.53 0.04 
R3 -WE- Otter Rock 20553 41 490.8 1.0 40.04 0.08 37.0 0.1 514.5 1.0 35146 70 16.98 0.03 
R3 - TR-Otter Rock 67761 136 629.6 1.3 106.86 0.21 100.7 0.2 514.5 1.0 50365 101 21.80 0.04 
R3 -WE- Nudgee Ck 23177 46 592.1 1.2 48.63 0.10 39.2 0.1 460.8 0.9 38911 78 17.31 0.03 
R3 - TR-Nudgee Ck 70440 141 592.1 1.2 105.09 0.21 99.4 0.2 460.8 0.9 50651 101 21.66 0.04 
R3 -WE- Port of Brisbane 17160 34 784.7 1.6 34.71 0.07 26.6 0.1 488.0 1.0 29213 58 16.07 0.03 
R3 - TR-Port of Brisbane 42268 85 784.7 1.6 109.64 0.22 135.0 0.3 540.7 1.1 49124 98 22.05 0.04 
R3 -WE- Pine River 23657 47 651.9 1.3 51.08 0.10 36.1 0.1 478.1 1.0 38115 76 16.48 0.03 
R3 - TR-Pine River 75991 152 651.9 1.3 106.44 0.21 94.5 0.2 478.1 1.0 53325 107 21.85 0.04 
R3 -WE- Sandgate 23724 47 609.4 1.2 49.23 0.10 38.3 0.1 466.6 0.9 39159 78 16.18 0.03 
R3 - TR-Sandgate 78672 157 609.4 1.2 99.54 0.20 95.0 0.2 466.6 0.9 52341 105 20.94 0.04 
R4 -WE- Boat Ramp 20229 40 442.7 0.9 41.49 0.08 47.5 0.1 419.5 0.8 36153 72 15.88 0.03 
R4 - TR-Boat Ramp 59631 119 567.1 1.1 100.93 0.20 116.4 0.2 419.5 0.8 46419 93 19.56 0.04 
R4 -WE- Otter Rock 20014 40 561.0 1.1 42.02 0.08 36.6 0.1 753.6 1.5 36655 73 17.28 0.03 
R4 - TR-Otter Rock 50724 101 786.6 1.6 101.23 0.20 88.1 0.2 753.6 1.5 50312 101 21.02 0.04 
R4 -WE- Nudgee Ck 26734 53 663.5 1.3 51.06 0.10 46.7 0.1 467.1 0.9 40889 82 18.27 0.04 
R4 - TR-Nudgee Ck 73765 148 663.5 1.3 102.03 0.20 118.0 0.2 467.1 0.9 54974 110 23.10 0.05 
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Sample Name 
Al Ti V Cr Mn Fe Co 
PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- 
R4 -WE- Port of Brisbane 20444 41 917.3 1.8 38.51 0.08 43.1 0.1 483.7 1.0 32004 64 16.70 0.03 
R4 - TR-Port of Brisbane 39414 79 1156.3 2.3 117.74 0.24 181.5 0.4 550.8 1.1 49665 99 22.32 0.04 
R4 -WE- Pine River 21901 44 706.2 1.4 45.23 0.09 41.2 0.1 609.0 1.2 36183 72 16.66 0.03 
R4 - TR-Pine River 58140 116 706.2 1.4 107.40 0.21 115.9 0.2 609.0 1.2 51255 103 22.47 0.04 
R4 -WE- Sandgate 25975 52 599.0 1.2 52.77 0.11 43.6 0.1 479.0 1.0 40964 82 16.48 0.03 
R4 - TR-Sandgate 70437 141 599.0 1.2 104.41 0.21 97.6 0.2 479.0 1.0 50332 101 20.25 0.04 
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 Ni 
 
Cu 
 
Zn 
 
Ga 
 
As 
 
Cd 
 
Sb 
 Sample Name PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- 
WE-Nth Pine R 14.40 0.03 9.40 0.02 26.60 0.05 6.04 0.01 1.134 0.002 0.0209 4.2E-05 0.1404 0.0003 
WE-Sth Pine R 9.32 0.02 6.45 0.01 24.17 0.05 10.23 0.02 3.004 0.006 0.0277 5.5E-05 0.0826 0.0002 
WE-Kholo 14.71 0.03 7.37 0.01 22.91 0.05 15.10 0.03 1.291 0.003 0.0207 4.1E-05 0.0842 0.0002 
WE-Bremer R 51.38 0.10 15.22 0.03 77.06 0.15 23.49 0.05 0.749 0.001 0.1332 2.7E-04 0.0229 0.0000 
TR-Kholo 24.89 0.05 11.67 0.02 38.13 0.08 11.44 0.02 5.064 0.010 0.0443 8.9E-05 0.4056 0.0008 
TR-Nth Pine R 22.74 0.05 15.48 0.03 36.16 0.07 12.22 0.02 3.886 0.008 0.0420 8.4E-05 0.4803 0.0010 
TR-Sth Pine R 13.94 0.03 9.01 0.02 32.96 0.07 9.93 0.02 4.684 0.009 0.0346 6.9E-05 0.3608 0.0007 
TR-Rosevale  76.79 0.15 23.32 0.05 215.59 0.43 16.35 0.03 2.218 0.004 0.1496 3.0E-04 0.3966 0.0008 
WE Av. BG 22.45 0.04 9.61 0.02 37.68 0.08 13.71 0.03 1.545 0.003 0.0506 1.0E-04 0.0825 0.0002 
TR Av. BG 34.59 0.07 14.87 0.03 80.71 0.16 13.71 0.03 3.963 0.008 0.0676 1.4E-04 0.4108 0.0008 
R1-WE-Boat Ramp 10.27 0.02 3.54 0.01 12.39 0.02 4.17 0.01 1.451 0.003 0.0195 3.9E-05 0.1000 0.0002 
R1-TR-Boat Ramp 13.94 0.03 5.65 0.01 17.23 0.03 4.17 0.01 4.806 0.010 0.0309 6.2E-05 0.4509 0.0009 
R1-WE-Otter Rock 12.37 0.02 5.42 0.01 39.44 0.08 3.81 0.01 6.436 0.013 0.0123 2.5E-05 0.1311 0.0003 
R1-TR-Otter Rock 24.09 0.05 12.77 0.03 48.48 0.10 7.71 0.02 36.858 0.074 0.0454 9.1E-05 0.6547 0.0013 
R1-WE-Nudgee Ck 18.59 0.04 10.79 0.02 78.98 0.16 9.44 0.02 3.649 0.007 0.0596 1.2E-04 0.1112 0.0002 
R1-TR-Nudgee Ck 27.31 0.05 15.30 0.03 96.88 0.19 11.61 0.02 6.535 0.013 0.0596 1.2E-04 0.3229 0.0006 
R1-WE-Port of Brisbane 15.13 0.03 5.04 0.01 45.12 0.09 7.98 0.02 4.206 0.008 0.0160 3.2E-05 0.0696 0.0001 
R1-TR-Port of Brisbane 22.60 0.05 9.13 0.02 63.81 0.13 7.98 0.02 7.015 0.014 0.0284 5.7E-05 0.4317 0.0009 
R1-WE-Pine River 8.97 0.02 4.39 0.01 25.14 0.05 2.99 0.01 3.158 0.006 0.0154 3.1E-05 0.0989 0.0002 
R1-TR-Pine River 14.41 0.03 8.59 0.02 37.22 0.07 5.23 0.01 7.561 0.015 0.0233 4.7E-05 0.4283 0.0009 
R1-WE-Sandgate 12.21 0.02 4.31 0.01 20.67 0.04 5.55 0.01 3.246 0.006 0.0242 4.8E-05 0.0767 0.0002 
R1-TR-Sandgate 19.79 0.04 7.62 0.02 35.57 0.07 6.98 0.01 4.357 0.009 0.0524 1.0E-04 0.5684 0.0011 
R2-WE-Boat Ramp 16.86 0.03 14.68 0.03 77.15 0.15 7.73 0.02 5.436 0.011 0.0557 1.1E-04 0.1184 0.0002 
R2-TR-Boat Ramp 28.66 0.06 20.02 0.04 100.36 0.20 14.67 0.03 8.750 0.018 0.0662 1.3E-04 0.7266 0.0015 
R2-WE- Otter Rock 21.88 0.04 15.32 0.03 81.16 0.16 8.05 0.02 4.747 0.009 0.0290 5.8E-05 0.1033 0.0002 
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Sample Name 
Ni Cu Zn Ga As Cd Sb 
PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- 
R2-TR- Otter Rock 36.15 0.07 24.71 0.05 101.06 0.20 16.37 0.03 22.708 0.045 0.0441 8.8E-05 0.9936 0.0020 
R2-WE-Nudgee Ck 19.65 0.04 10.70 0.02 80.87 0.16 9.01 0.02 3.779 0.008 0.0341 6.8E-05 0.0816 0.0002 
R2-TR-Nudgee Ck 33.64 0.07 17.34 0.03 121.15 0.24 13.58 0.03 7.191 0.014 0.0883 1.8E-04 0.8007 0.0016 
R2- WE-Port of Brisbane 39.22 0.08 37.01 0.07 118.13 0.24 13.53 0.03 3.898 0.008 0.1154 2.3E-04 0.0974 0.0002 
R2-TR- Port of Brisbane 57.79 0.12 43.68 0.09 156.50 0.31 26.20 0.05 8.668 0.017 0.1317 2.6E-04 0.8174 0.0016 
R2- WE-Pine RiveR 9.42 0.02 4.32 0.01 26.13 0.05 4.98 0.01 1.550 0.003 0.0166 3.3E-05 0.0860 0.0002 
R2-TR- Pine Rive 18.56 0.04 8.92 0.02 54.31 0.11 7.53 0.02 6.322 0.013 0.0166 3.3E-05 0.8712 0.0017 
R2 -WE- Sandgate 18.78 0.04 6.02 0.01 84.10 0.17 7.86 0.02 4.217 0.008 0.0140 2.8E-05 0.1200 0.0002 
R2 -TR- Sandgate 31.26 0.06 12.50 0.03 121.06 0.24 12.37 0.02 7.939 0.016 0.0834 1.7E-04 0.5676 0.0011 
R3-WE - Boat Ramp 14.39 0.03 17.53 0.04 75.38 0.15 7.03 0.01 5.194 0.010 0.0332 6.6E-05 0.1446 0.0003 
R3 - TR-Boat Ramp 29.70 0.06 24.05 0.05 111.56 0.22 16.96 0.03 9.033 0.018 0.0629 1.3E-04 0.5999 0.0012 
R3 -WE- Otter Rock 21.03 0.04 36.21 0.07 121.87 0.24 7.93 0.02 4.681 0.009 0.0347 6.9E-05 0.1458 0.0003 
R3 - TR-Otter Rock 38.77 0.08 39.85 0.08 121.87 0.24 18.94 0.04 13.119 0.026 0.0827 1.7E-04 0.7455 0.0015 
R3 -WE- Nudgee Ck 24.82 0.05 21.36 0.04 94.10 0.19 8.80 0.02 3.339 0.007 0.0254 5.1E-05 0.0961 0.0002 
R3 - TR-Nudgee Ck 42.01 0.08 27.69 0.06 127.80 0.26 19.19 0.04 8.427 0.017 0.0788 1.6E-04 0.7636 0.0015 
R3 -WE- Port of Brisbane 17.50 0.04 11.55 0.02 75.82 0.15 7.09 0.01 3.783 0.008 0.0290 5.8E-05 0.0842 0.0002 
R3 - TR-Port of Brisbane 30.54 0.06 20.81 0.04 113.82 0.23 13.61 0.03 6.780 0.014 0.0362 7.2E-05 0.5154 0.0010 
R3 -WE- Pine River 28.25 0.06 35.97 0.07 103.85 0.21 9.84 0.02 3.694 0.007 0.0533 1.1E-04 0.0883 0.0002 
R3 - TR-Pine River 48.09 0.10 39.24 0.08 137.75 0.28 21.19 0.04 8.790 0.018 0.1111 2.2E-04 0.5088 0.0010 
R3 -WE- Sandgate 25.42 0.05 27.95 0.06 95.60 0.19 9.14 0.02 4.156 0.008 0.0320 6.4E-05 0.0998 0.0002 
R3 - TR-Sandgate 43.34 0.09 37.79 0.08 122.43 0.24 20.26 0.04 8.588 0.017 0.0871 1.7E-04 0.4970 0.0010 
R4 -WE- Boat Ramp 19.61 0.04 32.59 0.07 105.37 0.21 8.84 0.02 6.035 0.012 0.0714 1.4E-04 0.1627 0.0003 
R4 - TR-Boat Ramp 36.17 0.07 38.18 0.08 123.86 0.25 18.00 0.04 10.706 0.021 0.0773 1.5E-04 0.5198 0.0010 
R4 -WE- Otter Rock 20.14 0.04 39.30 0.08 86.77 0.17 7.85 0.02 5.215 0.010 0.0193 3.9E-05 0.1179 0.0002 
R4 - TR-Otter Rock 32.09 0.06 45.01 0.09 104.89 0.21 15.17 0.03 16.124 0.032 0.0448 9.0E-05 0.4698 0.0009 
R4 -WE- Nudgee Ck 26.56 0.05 22.90 0.05 99.91 0.20 9.83 0.02 3.487 0.007 0.0156 3.1E-05 0.1343 0.0003 
R4 - TR-Nudgee Ck 46.45 0.09 31.16 0.06 126.42 0.25 20.85 0.04 8.183 0.016 0.0610 1.2E-04 0.1687 0.0003 
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Sample Name 
Ni Cu Zn Ga As Cd Sb 
PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- 
R4 -WE- Port of Brisbane 19.05 0.04 15.55 0.03 81.16 0.16 8.51 0.02 3.833 0.008 0.0285 5.7E-05 0.0911 0.0002 
R4 - TR-Port of Brisbane 29.49 0.06 21.30 0.04 113.65 0.23 13.24 0.03 7.246 0.014 0.0824 1.6E-04 0.1398 0.0003 
R4 -WE- Pine River 24.24 0.05 23.27 0.05 98.53 0.20 9.03 0.02 5.068 0.010 0.0474 9.5E-05 0.0976 0.0002 
R4 - TR-Pine River 40.86 0.08 31.38 0.06 131.44 0.26 17.40 0.03 10.179 0.020 0.0841 1.7E-04 0.1733 0.0003 
R4 -WE- Sandgate 28.24 0.06 32.77 0.07 96.69 0.19 9.31 0.02 3.725 0.007 0.0592 1.2E-04 0.0971 0.0002 
R4 - TR-Sandgate 45.64 0.09 38.94 0.08 123.91 0.25 20.70 0.04 8.579 0.017 0.0837 1.7E-04 0.3628 0.0007 
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Sample Name 
Te Ce Hg Tl Pb Th U 
PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- 
WE-Nth Pine R 0.05496 0.00011 7.55 0.02 0.00469 9.38E-06 0.0924 0.0002 2.97 0.01 1.359 0.003 0.1935 0.0004 
WE-Sth Pine R 0.03258 0.00007 10.87 0.02 0.00489 9.79E-06 0.1161 0.0002 4.25 0.01 2.255 0.005 0.3887 0.0008 
WE-Kholo 0.00878 0.00002 18.63 0.04 0.00024 4.86E-07 0.1251 0.0003 3.72 0.01 1.492 0.003 0.2662 0.0005 
WE-Bremer R 0.00970 0.00002 68.08 0.14 0.00024 4.86E-07 0.0512 0.0001 3.07 0.01 2.584 0.005 0.3599 0.0007 
TR-Kholo 0.02655 0.00005 24.08 0.05 0.14650 0.000293 0.3011 0.0006 5.06 0.01 2.397 0.005 1.0767 0.0022 
TR-Nth Pine R 0.03557 0.00007 11.62 0.02 0.11398 0.000228 0.2048 0.0004 4.04 0.01 2.564 0.005 0.8788 0.0018 
TR-Sth Pine R 0.01466 0.00003 12.59 0.03 0.05479 0.00011 0.1851 0.0004 3.73 0.01 3.630 0.007 1.4561 0.0029 
TR-Rosevale  0.04224 0.00008 63.31 0.13 0.04512 9.02E-05 0.0663 0.0001 2.79 0.01 3.468 0.007 1.2104 0.0024 
WE Av. BG 0.02651 0.00005 26.28 0.05 0.00252 5.04E-06 0.0962 0.0002 3.50 0.01 1.923 0.004 0.3021 0.0006 
TR Av. BG 0.02975 0.00006 27.90 0.06 0.09010 0.00018 0.1893 0.0004 3.91 0.01 3.015 0.006 1.1555 0.0023 
R1-WE-Boat Ramp 0.00779 0.00002 8.64 0.02 0.00262 5.23E-06 0.0736 0.0001 2.22 0.00 0.939 0.002 0.2756 0.0006 
R1-TR-Boat Ramp 0.00779 0.00002 10.30 0.02 0.05118 0.000102 0.0740 0.0001 2.76 0.01 1.546 0.003 0.8483 0.0017 
R1-WE-Otter Rock 0.03137 0.00006 41.80 0.08 0.02443 4.89E-05 0.0503 0.0001 8.33 0.02 1.642 0.003 0.7483 0.0015 
R1-TR-Otter Rock 0.03137 0.00006 41.80 0.08 0.09377 0.000188 0.0790 0.0002 10.68 0.02 2.984 0.006 1.8734 0.0037 
R1-WE-Nudgee Ck 0.01756 0.00004 30.86 0.06 0.02993 5.99E-05 0.1387 0.0003 10.78 0.02 2.653 0.005 0.5395 0.0011 
R1-TR-Nudgee Ck 0.03569 0.00007 37.26 0.07 0.05908 0.000118 0.1663 0.0003 10.78 0.02 4.892 0.010 1.6984 0.0034 
R1-WE-Port of Brisbane 0.01671 0.00003 22.34 0.04 0.00024 4.86E-07 0.1145 0.0002 5.21 0.01 2.093 0.004 0.3316 0.0007 
R1-TR-Port of Brisbane 0.03967 0.00008 27.31 0.05 0.05562 0.000111 0.1383 0.0003 5.51 0.01 3.432 0.007 1.0627 0.0021 
R1-WE-Pine River 0.00000 0.00000 19.26 0.04 0.00825 1.65E-05 0.0454 0.0001 5.47 0.01 1.341 0.003 0.3819 0.0008 
R1-TR-Pine River 0.07122 0.00014 22.88 0.05 0.06520 0.00013 0.0670 0.0001 6.93 0.01 2.245 0.004 1.0508 0.0021 
R1-WE-Sandgate 0.00781 1.6E-05 13.67 0.03 0.00672 1.3E-05 0.1080 0.0002 3.65 0.01 1.351 0.003 0.2811 0.0006 
R1-TR-Sandgate 0.01110 2.2E-05 19.48 0.04 0.05632 1.1E-04 0.1263 0.0003 4.39 0.01 2.750 0.005 1.1201 0.0022 
R2-WE-Boat Ramp 0.00740 1.5E-05 32.61 0.07 0.06997 1.4E-04 0.1434 0.0003 11.73 0.02 2.279 0.005 0.8181 0.0016 
R2-TR-Boat Ramp 0.01779 3.6E-05 38.02 0.08 0.10923 2.2E-04 0.1975 0.0004 12.54 0.03 4.931 0.010 2.3342 0.0047 
R2-WE- Otter Rock 0.06250 1.3E-04 48.44 0.10 0.04733 9.5E-05 0.1259 0.0003 14.93 0.03 2.686 0.005 0.9940 0.0020 
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Sample Name 
Te Ce Hg Tl Pb Th U 
PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- 
R2-TR- Otter Rock 0.10638 2.1E-04 51.56 0.10 0.08238 1.6E-04 0.2454 0.0005 18.25 0.04 6.881 0.014 3.1728 0.0063 
R2-WE-Nudgee Ck 0.00000 0.0E+00 39.61 0.08 0.03549 7.1E-05 0.1140 0.0002 12.26 0.02 3.192 0.006 0.5601 0.0011 
R2-TR-Nudgee Ck 0.00921 1.8E-05 56.03 0.11 0.05412 1.1E-04 0.1670 0.0003 13.54 0.03 7.879 0.016 2.0684 0.0041 
R2- WE-Port of Brisbane 0.04652 9.3E-05 49.79 0.10 0.08567 1.7E-04 0.1865 0.0004 22.46 0.04 3.459 0.007 0.9470 0.0019 
R2-TR- Port of Brisbane 0.03682 7.4E-05 49.79 0.10 0.13272 2.7E-04 0.3191 0.0006 22.46 0.04 6.179 0.012 2.3636 0.0047 
R2- WE-Pine RiveR 0.02249 4.5E-05 15.52 0.03 0.01185 2.4E-05 0.0763 0.0002 3.95 0.01 1.236 0.002 0.3748 0.0007 
R2-TR- Pine Rive 0.03826 7.7E-05 22.74 0.05 0.04427 8.9E-05 0.1100 0.0002 4.92 0.01 2.709 0.005 1.1928 0.0024 
R2 -WE- Sandgate 0.03450 6.9E-05 51.96 0.10 0.02675 5.4E-05 0.0856 0.0002 10.22 0.02 3.547 0.007 0.4871 0.0010 
R2 -TR- Sandgate 0.04481 9.0E-05 69.36 0.14 0.04786 9.6E-05 0.1439 0.0003 12.54 0.03 5.964 0.012 2.1180 0.0042 
R3-WE - Boat Ramp 0.00000 0.0E+00 32.38 0.06 0.34263 6.9E-04 0.1340 0.0003 12.53 0.03 1.989 0.004 0.8183 0.0016 
R3 - TR-Boat Ramp 0.05491 1.1E-04 44.06 0.09 0.38708 7.7E-04 0.2042 0.0004 13.09 0.03 5.862 0.012 2.1639 0.0043 
R3 -WE- Otter Rock 0.01956 3.9E-05 42.07 0.08 0.23666 4.7E-04 0.1409 0.0003 16.87 0.03 2.675 0.005 0.7394 0.0015 
R3 - TR-Otter Rock 0.08526 1.7E-04 47.29 0.09 0.25550 5.1E-04 0.3123 0.0006 22.32 0.04 9.066 0.018 3.4090 0.0068 
R3 -WE- Nudgee Ck 0.03278 6.6E-05 42.96 0.09 0.25498 5.1E-04 0.1450 0.0003 18.20 0.04 4.305 0.009 0.9135 0.0018 
R3 - TR-Nudgee Ck 0.03278 6.6E-05 47.15 0.09 0.25989 5.2E-04 0.2908 0.0006 21.09 0.04 6.764 0.014 2.8223 0.0056 
R3 -WE- Port of Brisbane 0.01573 3.1E-05 33.57 0.07 0.08143 1.6E-04 0.1215 0.0002 13.57 0.03 2.356 0.005 0.5098 0.0010 
R3 - TR-Port of Brisbane 0.02921 5.8E-05 70.25 0.14 0.15858 3.2E-04 0.1798 0.0004 15.71 0.03 11.246 0.022 2.5808 0.0052 
R3 -WE- Pine River 0.03097 6.2E-05 40.83 0.08 0.40645 8.1E-04 0.1608 0.0003 19.22 0.04 2.699 0.005 0.7945 0.0016 
R3 - TR-Pine River 0.04043 8.1E-05 51.85 0.10 0.46420 9.3E-04 0.2996 0.0006 22.27 0.04 7.631 0.015 2.5426 0.0051 
R3 -WE- Sandgate 0.01969 3.9E-05 41.44 0.08 0.39852 8.0E-04 0.1500 0.0003 18.20 0.04 2.629 0.005 0.7860 0.0016 
R3 - TR-Sandgate 0.01969 3.9E-05 47.81 0.10 0.39852 8.0E-04 0.2599 0.0005 19.63 0.04 6.045 0.012 2.2673 0.0045 
R4 -WE- Boat Ramp 0.02104 4.2E-05 38.84 0.08 0.06776 1.4E-04 0.1428 0.0003 17.70 0.04 2.497 0.005 1.1311 0.0023 
R4 - TR-Boat Ramp 0.02104 4.2E-05 44.91 0.09 0.08548 1.7E-04 0.2472 0.0005 18.37 0.04 5.982 0.012 2.8362 0.0057 
R4 -WE- Otter Rock 0.03728 7.5E-05 44.50 0.09 0.05390 1.1E-04 0.1134 0.0002 15.22 0.03 2.330 0.005 0.6672 0.0013 
R4 - TR-Otter Rock 0.03728 7.5E-05 45.45 0.09 0.07286 1.5E-04 0.2323 0.0005 18.54 0.04 7.854 0.016 2.5319 0.0051 
R4 -WE- Nudgee Ck 0.07047 1.4E-04 45.81 0.09 0.07836 1.6E-04 0.1483 0.0003 19.00 0.04 2.987 0.006 1.0534 0.0021 
R4 - TR-Nudgee Ck 0.07047 1.4E-04 50.49 0.10 0.08849 1.8E-04 0.2607 0.0005 19.09 0.04 6.148 0.012 2.7414 0.0055 
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Sample Name 
Te Ce Hg Tl Pb Th U 
PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- 
R4 -WE- Port of Brisbane 0.00000 0.0E+00 41.23 0.08 0.04513 9.0E-05 0.1138 0.0002 14.34 0.03 3.375 0.007 0.6228 0.0012 
R4 - TR-Port of Brisbane 0.03980 8.0E-05 55.94 0.11 0.05474 1.1E-04 0.1867 0.0004 16.35 0.03 8.129 0.016 2.5988 0.0052 
R4 -WE- Pine River 0.01735 3.5E-05 36.12 0.07 0.07074 1.4E-04 0.1347 0.0003 16.93 0.03 2.785 0.006 0.6474 0.0013 
R4 - TR-Pine River 0.01998 4.0E-05 47.60 0.10 0.07102 1.4E-04 0.2279 0.0005 18.78 0.04 6.370 0.013 2.1149 0.0042 
R4 -WE- Sandgate 0.03085 6.2E-05 42.98 0.09 0.08085 1.6E-04 0.1491 0.0003 18.89 0.04 2.807 0.006 0.7760 0.0016 
R4 - TR-Sandgate 0.02377 4.8E-05 43.91 0.09 0.10255 2.1E-04 0.2832 0.0006 20.80 0.04 5.594 0.011 2.3145 0.0046 
 
